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What are Radionuclides? 


Radioactive material capable of giving 
off radiant energy in the form of 
particles or rays as alph@ beta and 


gamma rays by the gisintegralion of 
atomic nuclei. 
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Flealth Effects 


Radionuclides Notice of Data Availability 
Technical Support Document, March 2000 
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Radium Dial Painters 


Flealth Effects 


Radium Dial Painters 


Ingested 
over 50 mCi 
of Ra-226 or -228 
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The Three Studies: #1 


Flealth Effects 


The Three Studies: #2 


Flealth Effects 


The Three Studies: #3 
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Computer Modeling 


“Using RADRISK modeling, EPA-estimated that 
continuous consumption of 15 pCi/L of most alpha 

____particle-emitters in drinking ee erat 2 — would 
pose a lifetime cancer.risk-b on 10 
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Radionuclides of Concern in Drinking Water 


Radionuclide MCL 


Combined Radium-226/-228 ~~ 5 pCi 
(Adjusted) Gross.Alpha = 15 pCi 
eta Particle and-Photon Radioactivity 4 mrems/yr 
Uranium ——___ * — ad's : 
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Annotated Radionuclide Montoring Timeline (2000 - 2016) 
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Removal Technologies 


EPA’s Small System Compliance Technology List 
for the Non-Microbial Contaminants Regulated 
Before 1996 (September 1998) 
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Removal Technologies 


- lon exchange 
- Reverse osmosis 
- Lime softening — 
- Greensand filtration 
___s-Go=precipitation with barium sulfate 
* Selective sorbenis__— a 
- Electrodialysis/electrodialysis reversal “~~ 
- Pre-formed hydrous manganese oxides “== i 
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Radium-Selective Resin 


Dowex RSC 


2-68 — 
Can treat millions of bed 


volumes over several years ‘4 wy 


RSR Wastes 


ResIn 


- is not regenerated 
-is a low-level radioactive waste “45 


- must go to a LLRW landfill (UT) "4 Or ~\- 4 


Reverse Osmosis 


BAT Pradium, removal 

37 = 87% radium removal (similarfor-alpha, beta; photon) 
Veryshignh quality effluent (de pe rdy 
Applicable to POU 
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RO Waste 


Lime Softening Wastes 


Lime sludge (~2,000 pCi/I wet, 8 pCi/g dry) 
Filter backwash liquid and sludge (6 -- 50 pCi/)) 
Sludge supernatant (20 - 25 pCi/I) 
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Potassium permanganate gretremiment 
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56 - 90 % radium removak, |} 
Detention increases removal effciensy 
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Eventual media disng a (30 - 250 pCi/g) 


Pre-formed HIViO 


Hydrous Manganese Oxide 


HMO (MnO.) formed by oxidizing manganese sulfate 


Brief detention time _ 
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Filtration to remove suspended MnO, (containing sorbed Ra) 
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71 - 96% radium removals- = —. 
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Pre-formed HMO Wastes 


Hydrous Manganese Oxide 


HMO sludge 
Filter backwash 


Sludge supernatant 
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Tate Vil-9 


CASE STUDIES: PRODUCTION COSTS POR REMOVAL OF RADIONUCLIDES 
PROM COMMUNITY WATER SYSTEMS 
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Nowe: 
1. Date source in EPA 199Ra. “Acteal Coots of Coenpliance with the Sade Drinking Water Act Standard for 
Katie 22% acl Radioe- 22K", othorwiee stated othere ier. 

2 Small eysten are defeeed as those aereing 10.00X) perecnes oF fewer 

3. Large sywter are defieed as those serving greater than MLO) person. 

+ Diets coerce in DPA PFD 
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Case Studies 


Boone County PWSD #9 
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Leadwood, MO 


8 


rC 


——— =- -_ 
— ENA I NEERING 


installed yield(gpm) % of supply 
Well #3 (Harg) 1972 700 33.3 
Well #4 (Murry/RouteZ) 1977 600 33.3 


_Well #5 (Air Park) 1981 Z 0 (standby) 


Well #6 (Route J/ Mirsbrg 
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Water Quality 


Average of all wells 


Well # 3 Radionuclides 


gross alpha 


Radium 226+228 


Radium 228 


Radium 226 
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7-29-99 (comp.) 
12-13-99 (Comp. ) 


Well # 4 Radionuclides 


gross alpha 
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Well # 5 Radionuclides 


gross alpha 
Radium 226+228 
MCL Radium 228 
a Radium 226 
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12-2-86 (comp. ) 
1-21-87 (comp.) 


Well # 6 Radionuclides 


gross alpha 
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- Present treatment: chlorination only (DS Il) 


- Only one well out of compliance 


- Disposal challenges (no nearby sewer) 
_.--*—Didn’t have a bazillion dollars lying around: 
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The Universe of Options 
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recommendations: 


Non-/reatment Alte 


*- upgrade Well #4 to 1,000 gpm ($85,000) 
- return Well #5 to routine s@rvice (H,S?) 
- Blend Well #5 with Well #3 } to meet rads.regs 
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Filtronics System 


ferric chloride 


sulfur 
and chlorine aloxide 
CONTACTORS 


FILTERS 


(in parallel) 


Filtronics 


- Iron and manganese removal 


- Not on EPA’s list of rads removal technologies 


- “It worked in the pilot study...” 


H.O’C Engineering’s Job 


1) Evaluate plant performance (rads removal) 
2) Restore plant to factory specifications 
3) Re-evaluate plant performance 


4) Recommend improvements if necessary 


H.O’C Engineering’s Job 


client: MDNR 


1) Evaluate plant performance (rads removal) 
2) Restore plant to factory specifications 
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4) Recommend improvements if necessary 
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H.O’C Engineering’s Job 


client: MDNR 


1)Evaluate plant performance (rads removal) 


2) Restore plant to factory specifications 


3) Re-evaluate plant performance oi 


4) Recommend improvements if necessary 


Plant Re 


Backwash rates 


Filter flow rates 
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Breakpoint curve 


C h em Ca feed S Chlorine Applied, mg CI/ 
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Media replenishment (one filter only) 


Filtronics’ approval 


ae 


H.O’C Engineering’s Job 


client: MDNR 


1)Evaluate plant performance (rads removal) 
2) Restore plant to factory specifications 
3) Re-evaluate plant performance a ow 


4) Recommend improvements if necessary 


Restored Plant Performance 


Restored Plant Performance 


- Modest removals 


° Comparable t historical data 
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| - Removals insufficient to meet MCLs 


¢ Depleted filter performed slightly better 


H.O’C Engineering’s Job 


client: MDNR 


1)Evaluate plant performance (rads removal) 


2) Restore plant to factory specifications 


3) Re-evaluate plant performance oi OT 


4) Recommend improvements if necessary 


Best Bets of BATs 


1. Pre-formed Hydrous Manganese Oxide (HMO) Filtration 


2. Greensand Filtration 
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3. Coprecipitation of Radium with Barium Sulfate 
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4. lon Exchange " 


HOC 


ENG! ni EERING 


—— 


AMO Filtration 


1) Change of chemical feed from ferric sulfate to 


manganese sulfate 

2) Elimination of sulfur dioxide feed (officially) 
~~ 8) Projected rads removals: ~80% (Valentine 1992) 
0 (zero, zilch, hada a — 
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3) Capital cost 
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Non-Treatment Solutions 


Source Substitution 


Well Replacement, Selective Withdrawal, Purchasing 


Blending = 


_ Regionalization = 
Do Nothing ee 


“A Radiological SNC is a PWS which... exceeds the.unreasonable 
risk to health level identified.for thats.contami 
unreasonable health leveleis.2 timesiarS mae 
Implementation Guidance for Radionuclides) « 
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